Patient background
A 51 year old female presented with a chief complaint of hematochezia, dyschezia, tenesmus and stool incontinence. She also reported a six month history of constipation and pencil thin stools. A colonoscopy demonstrated a near-circumferential friable and bulky rectal mass 4-5 cm from the anal verge (Fig. 1) . Biopsy of the mass revealed a moderately differentiated adenocarcinoma presumed to be of rectal origin. Computed tomography was significant for regional lymphadenopathy without evidence of vaginal involvement.
The patient's past medical history was significant for stage IB2 squamous cell carcinoma of the cervix diagnosed in her early thirties. She was treated with external beam radiation and vaginal brachytherapy, resulting in mild vaginal stenosis. In her early forties, she developed stage I breast cancer and was treated with lumpectomy with adjuvant breast radiation plus hormonal therapy. Her past medical, surgical, social and family histories were otherwise noncontributory to her current condition.
On physical examination she had a patulous anus with poor resting anal tone and an easily palpable rectal mass approximately 4 cm from the anus involving about 75% of the luminal circumference. Staging Gynecologic Oncology Reports 16 (2016) preoperative CT of abdomen and pelvis showed thickened rectum with left perirectal adenopathy but no evidence of vaginal involvement or distant metastasis. The patient was counseled on the operative plan of an abdominalperineal resection (APR) and end colostomy due to the low position of the rectal mass and clinical anal sphincter involvement.
Operative course
APR was conducted via a vertical abdominal incision. Bilateral ureteral stents had been placed pre-operatively. Distortion of pelvic tissue planes was noted consistent with her history of pelvic radiation. Slow and meticulous dissection was carried out and resulted in removal of an en bloc specimen which included both internal and external anal sphincters, the rectum, sigmoid colon and a portion of the coccyx. End colostomy was constructed. The intraoperative frozen section of the cancer specimen revealed positive distal and anterior radial margins. The abdominal wound, fascia and skin were closed and the patient was repositioned in the prone jackknife position. Additional distal margin was resected though a wider perineal elliptical incision encircling the defect created by the previous APR which now incorporated a portion of the levator muscles. To achieve an adequate anterior radial margin, the distal portion of the rectovaginal septum, including the majority of the posterior vaginal wall was further resected.
Due to this extensive resection of vaginal tissue, a gaping defect had been created in the posterior vagina. The available tissue from the lateral aspects of the vagina was insufficient to cover the defect posteriorly and was compounded by her prior radiation. Options included performing a hysterectomy with complete vaginectomy versus flap reconstruction of the vagina. Due to the patient's strong desire to maintain sexual function, a hysterectomy with vaginectomy was not performed.
The operative team opted to perform a biologic graft repair of the posterior vagina. Specific consent for grafting could not be obtained by the team as vaginal reconstruction was not anticipated preoperatively; however, she was consented for any and all such indicated procedures. A section of Alloderm®, an acellular collagen matrix was customized into a sheet 8 cm length and 4 cm in width. This was then used to bridge the gap between the left and right vaginal walls posteriorly and was sutured into place along the margins of the remaining vaginal mucosa using interrupted 3-0 Vicryl sutures (Figs. 2a, 2b) . A Foley was placed in the uterus through the cervix in order to maintain
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Gynecologic Oncology Reports j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / g y n o r an outflow tract. A separate Jackson Pratt drain was then placed into the deep perineal space through the perineum. The perineal wound was closed primarily in layers using 0-Vicryl and 2-0 Vicryl sutures. Final pathology revealed a T4N0M0 grade 1invasive rectal adenocarcinoma. The anterior radial margin of the perineal and vaginal tissue revealed a small residual focus of rectal carcinoma but no vaginal mucosal or submucosal invasion were present, thus clear surgical margins were achieved.
Three weeks postoperatively, the graft was viable with minimal vaginal drainage. Three months post operatively, the vagina remained patent and the graft was granulating well. Ten months after the surgery, vaginoscopy demonstrated a 7 cm vaginal vault without stricture or defects. The back wall of the biologically reconstructed vagina was well healed and the mucosa appeared physiologically normal (Fig. 3) .
Patient was treated with 8 cycles of adjuvant capecitabine plus bevacizumab. She developed metastatic disease in her lungs and liver at 10 months and was started on irinotecan plus cetuximab and later switched to regorafenib. At three years follow-up, she appeared wellnourished and was functioning well. She reported some left perineal scar pain and denied recent sexual activities. On speculum exam, her vaginal vault was patent and nontender but narrowed; approximately 7 × 2 cm and her vaginal mucosa appeared atrophic.
Discussion
A comprehensive literature search was conducted on May 26, 2015. No other cases were found describing a vaginal wall reconstruction using an acellular collagen matrix graft following resection of a locally advanced rectal mass. Alloderm® dermal allograft which was used in this case is constructed from human skin in which epidermis and cellular material are removed. Revascularization is facilitated along the collagen matrix of the graft (Supplementary figure) .
Rectus abdominis myocutaneous (RAM) flap repair is the most common method of reconstruction in the setting of colorectal malignancy requiring vaginectomy (McArdle et al., 2012; D'Souza et al., 2003) . Cases currently reported in the literature in which an allograft was used to create a neovagina are described for the correction of vaginal agenesis. One case series documents three patients in which such a repair took place as an alternative to a split thickness skin graft: a patient with vaginal agenesis, another with severe lichen sclerosis causing vaginal agglutination and a third patient with squamous cell carcinoma of the vagina (Stany et al., 2010) . Another publication documented a case of vaginal agenesis in which acellular human dermal allograft was used to perform a modified McIndoe procedure. Although the immediate post-operative course was uncomplicated, she eventually suffered from stenosis of the vaginal apex attributed to inadequate vaginal dilator use in the post-operative period (Kuohung et al., 2007) . The additional operative time of a flap reconstruction was considered but deemed to contribute significant morbidity to this case and therefore not pursued. Acellular allograft reconstruction compares favorably to other less common alternatives used in the setting of vaginal agenesis. For example, autologous tissue for reconstruction purposes grown in culture from a vaginal biopsy has been described (Benedetti Panici et al., 2015) . However, this technique requires substantial lead time and preparation in order to culture tissue, which may not be available or advisable in the setting of pelvic malignancy. The use of bowel segment has also been described for such reconstruction; however similar concerns would preclude this as an ideal technique for tissue reconstruction following oncologic surgery (Wright and Hanna, 2014) .
Likelihood of complications must be extrapolated from current literature in which the use of an acellular matrix similar to the above has been described in the vaginal agenesis patient population with no severe post-operative complications among 53 patients. Granulomatous polyps at the introitus were seen in 11% of the study group which were able to be removed in the outpatient setting. Interestingly, sexual function was reported to be similar to healthy controls in the year after surgery (Zhu et al., 2013) . More research is needed as these data may not be generalizable to the oncology population. Long term studies on allograft reconstruction are limited as well. One small study followed 33 women with vaginal wall prolapse corrected with Alloderm® without documented significant complications. Most continued to be sexually active with only one subject reporting long term dyspareunia (greater than 45 months) since the procedure. No graft erosions or rejections were found other than one anterior wall breakdown that was related to hematoma formation from heparin therapy (Ward et al., 2007; Clemons et al., 2003) .
Studies of acellular dermal matrix applied to irradiated tissues in mouse models demonstrate an initial short term period of decreased healing but overall graft thickness and fibroblast activity do not seem to be significantly affected (Dubin et al., 2000) . Post graft radiation similarly does not seem to promote breakdown or infection, at least in animal models . One small study of dermal matrix used in the setting of post breast cancer reconstruction demonstrated a small increase in wound infection but no breakdown was demonstrated for radiation administered to the area before or after graft placement (Nahabedian, 2009) .
In our patient, the use of a tissue regenerating matrix allowed for the reconstruction of the posterior vaginal wall after a radical excision of locally advanced rectal cancer in which most of the posterior vaginal wall was resected en bloc with the cancer. Given our patient's strong desire to preserve sexual function following surgery, this technique spared the patient from a total vaginectomy. Favorable long term results have been reported utilizing a similar technique for non-oncologic surgery. Advantages to the use of a biologic graft include preservation of vaginal anatomy and sexual function, and the avoidance of increased morbidities associated with the extra operative time and procedures when autologous graft harvesting for flap reconstruction or other labor intensive techniques such as bowel segment reconstruction are performed. Ultimately, based on our case report allograft vaginal reconstruction following oncologic anorectal surgery has been shown to be feasible with preservation of vaginal anatomy and good functional outcomes, likely to decrease operative times and perioperative morbidity. More research is required, however to confirm these premises.
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